In the U.S. 44% of low-income households struggle to pay their utility bills, affecting their ability 9
Introduction
Range to the west, the Traverse Mountains to the south, and the Great Salt Lake to the 40 Northwest, resulting in a topographical bowl of mountains that almost completely surround the 41 SLV. 42
This unique geography has serious implications on local air quality and makes Salt Lake County 43 especially vulnerable to both wintertime and summertime air pollution issues. SLCo is especially 44 susceptible to winter inversions that trap ground-level particulate matter in the valley. During the 45 winter, elevated fine particulate matter (PM2.5) results from a combination of increased local 46 urban emissions due to heating demands and atmospheric inversion events. Much like the 47 majority of the Western U.S., the SLV faces elevated ozone levels due to large amounts of solar 48 radiation and high elevation, in addition to emissions from fossil fuel combustion. within Salt Lake County, Utah, along with average household income. 52
These seasonal periods of poor air quality in the SLV are significant enough to warrant national 53 attention. In 2018, the American Lung Association's annual "State of the Air" report recognized 54 the Salt Lake City metro area (SLC/Provo/Orem) as one of the "most polluted" cities for short-55 term particle pollution -number 8 on the list (American Lung Association, 2018). Additionally, 56 the U.S. Environmental Protection Agency designated Salt Lake County-along with six other 57 counties in Utah-as a "serious nonattainment" area for failing to meet the National Ambient Air 58 Quality Standards (NAAQS) for short term (24-hour) particulate pollution for PM2.5, particulates 59 that are 2.5 microns in diameter or smaller (Utah Department of Environmental Quality, 2017). 60
The average amount of winter days when air quality exceeds unhealthy levels, also known as 61 red air days, is between 15-20 a year, and individual pollution events last between 5 and 7 days. 62
Several studies have focused on the wintertime elevated PM2.5 (Baasandorj et al., 2017; Bares 63 et al., 2018) and summertime elevated ozone (Horel et al., 2016; Lareau et al., 2012 ) levels in 64 the Salt Lake Valley. Using a state-of-the-art mobile observation platform that includes 65 instrumentation mounted on light rail trains (Mitchell et al., 2018 ) and a news helicopter 66 (Blaylock, Horel, & Crosman, 2017) , large spatial and temporal gradients in pollutant 67 concentrations have been observed across Salt Lake County. The health impacts of poor air 68 quality in Utah range from high incidences of pneumonia (Pirozzi et al., 2018) , to increased 69 hospitalizations due to respiratory issues (Horne et al., 2018) . Furthermore, emerging 70 associations between poor air quality and negative health outcomes such as pre-term births 71 (Hackmann & Sjöberg, 2016) and suicides (Bakian et al., 2015) have been found in the Salt 72 Lake Valley and Utah, furthering the importance of pollutant reduction strategies. 73
Socioeconomic divide & air quality implications

74
While the entire Salt Lake Valley is prone to experiencing severe air pollution, certain parts of 75 the city are more likely to experience elevated levels of PM2.5. These areas are largely 76 concentrated in the commonly defined "West Side" of Salt Lake City that lies west of I-15. 77 Substantial spikes in air particulates on SLC's West Side are largely attributable to its numerous 78 industrial facilities that include the airport, railways, refineries, as well as heavily trafficked 79 highways ( Figure 2 ). The combination of industrial polluters and significant vehicle emissions 80 contribute to an air quality landscape that contains larger and more instances of emissions 81 sources than other parts of the SLV. 82 In addition to differences in air quality, the West Side of SLC also has a lower median 87 household income than other parts of the city (U.S. Census Bureau; American Community 88 Survey, 2018) and is the most culturally and ethnically diverse part of Utah. The combination of 89 these factors poses challenges to the West Side to overcome the air quality burdens it faces. 90
Residents of this area are also more likely to speak a language other than English, which makes 91 many utility and advocacy group messages relating to air quality, relayed predominantly in 92
English, unhelpful to the population. Additionally, West Side residents of lower socioeconomic 93 status are unlikely to possess the financial resources necessary to make home improvements 94 that protect their health and simultaneously lower energy bills. 95
Socioeconomic divide & energy insecurity
96
The West Side's lower median household income compared to the rest of SLC also makes its 97 population more vulnerable to experience energy insecurity. Energy insecurity (also often 98 referred to as energy poverty or fuel poverty), is the inability to afford to pay monthly utility bills 99 to support proper heating, cooling, and other energy needs in the home (T. G. Reames, 2016 Energy insecurity is a distributional justice issue, which concerns the equitable social distribution 119 of a good or service. Distributional justice surrounding energy insecurity is primarily caused by 120 income inequality, discrepancies in energy prices, and inconsistencies in housing stock and 121 energy efficiency (T. G. Reames, 2016 ). Addressing energy justice requires an understanding of 122 the three main components of the "justice framework". First, how environmental hazards are 123 distributed throughout society; second, the distribution of benefits, such as affordable access to 124 energy, throughout society; and third, equitable representation in decision-making (Sovacool, 125 Heffron, McCauley, & Goldthau, 2016). Social perception also contributes to the injustice 126 surrounding the provision of energy. In the U.S. there is an expectation of an energy-intensive 127 standard of living with a low cost for utility services (Sovacool, 2009 ). This, coupled with a 128 general lack of knowledge about the intensity of energy use or how energy is produced, creates 129 obstacles in alleviating the effects of energy injustice (Sovacool, 2009 Lake City Council adopted a joint resolution to transition the Salt Lake City community to 100% 134 renewable electricity by 2032 and to reduce greenhouse gas emissions by 80% by 2040 (Salt 135 Lake City, 2016). This city-wide goal is intended to reduce carbon dioxide emissions associated 136
with Salt Lake City's residential and commercial electricity usage, as 62% of the city's electricity 137 is generated by burning coal (Rocky Mountain Power, 2015) . The Salt Lake City government 138 has pursued a multifaceted approach to reach these ambitious emissions reduction goals. In 139 addition to programs and goals related to reducing emissions from energy use, Salt Lake City 140 also seeks to incorporate social equity issues into its sustainability, energy, and air quality 141 efforts. programming is to develop partnerships with non-energy related community organizations that 217 work directly with low-income households (Cluett et al., 2016) . Community-based energy 218 efficiency projects can empower and encourage members of a community to take action 219 collectively while surpassing individual barriers to energy efficiency upgrades and education (T. 220 G. Reames, 2016) . Using a community-based approach allows organizations and communities 221 to hold productive conversations about the connections of energy access and social justice 222 issues (T. G. Reames, 2016) . This framework encourages the development of programs that 223 provide assistance to communities of color, renters, and low-income groups through trusted 224 networks of existing organizations. 225
In order to develop equitable energy efficiency programs that are also more cost-effective and 226 scalable than traditional weatherization service, programs can focus on the provision of 227 residential lighting upgrades, at no cost to the resident, instead of whole-house retrofits, which 228 are inherently limited in terms of scale. LED bulbs provide an excellent opportunity to deliver 229 immediate savings in a low-cost, non-invasive way that is appealing to both renters and 230 homeowners alike. LED light bulbs use 75% less energy than traditional incandescent bulbs, 231
and can last up to twenty-five times longer (T.G. Reames, Reiner, & Stacey, 2018). Additionally, 232 they require minimal effort to install, making them a great first step towards implementing 233 energy efficiency measures. However, the higher capital cost of bulbs and limited availability 234 can be a barrier for low-income communities (T.G. Reames et al., 2018) . This has motivated the 235 development of programs that distribute or exchange old, inefficient light bulbs for energy 236 efficient LEDs. 237 2018. This program subsidized the cost of over 700 electric lawnmowers for residents living in 258 non-attainment areas. Participants, selected by a lottery system, were required to exchange a 259 functioning gasoline lawnmower, and received a significant discount on the cost of the electric 260 mower (participants pay $100 while the mower retails for $329). Waivers for the $100 fee were 261 available for those in need. This program exchanged over 800 electric lawnmowers and cut over 262 91,000 pounds of carbon dioxide emissions annually (Christiansen, 2018 Energy, the natural gas utility, there is a notable overlap of low-income residents and residents 308 with a higher-than-average consumption of natural gas in these neighborhoods (Camp, 2018) . 309
Community Residential Energy Efficiency Program Models
While the bulk of energy efficiency actions capable of improving local air quality are tied directly 310 to reducing natural gas emissions, these actions and technologies are often more expensive 311 and harder for low-income homeowners or renters to implement, especially without existent 312 ideological buy-in to the importance of energy efficiency. 313
The UCE pilot was created with the aim of starting a larger dialogue surrounding an awareness 314 of energy efficiency and air quality issues in the West Side. The program also addressed energy 315 insecurity problems in the area by delivering immediate and measurable energy savings. In 316 order to accomplish these aims, the UCE pilot contained several novel and notable features. 317 hours at a community center to provide greater convenience for residents interested in 528 participating but unable to attend specific events. 529 In order to gauge the success of outreach, we included a required question on the survey 535 asking how participants heard of the program. 92 percent of households responded to that 536 question, revealing that the most common way participants found out about the Light Swap 537 program was through Facebook (25%), followed by "at the event", and "at the senior center" 538 (both 13% 
Provision of LEDs
97%
As previously discussed, understanding these demographics (especially those that correlate 549 with a greater likelihood to experience energy insecurity such as income, ethnicity, and renting), 550 is imperative to future community program work. An examination of these figures suggests that 551 future iterations of this program should pursue stronger collaboration with organizations, 552 leaders, and government services agencies associated with vulnerable communities in order to 553 encourage greater participation by community members who would benefit the most from 554 energy efficiency. 555
Spatial Analysis of Program Reach
556
The spatial analysis of the participating households was made possible through the collection of 557 self-reported addresses from respondents, which were kept confidential aside from their use for 558 analytical purposes. Of the 181 participating households, 177 addresses were utilized in spatial 559 analysis as there were 4 participating households that did not disclose an address or disclosed 560 an address that was unable to be read or geolocated. shown as black dots, target ZIP codes are outlined in red and household income by ZIP code is 566 also displayed. 567
The event location type with the highest number of participants was the library, which saw 40 568 participating households across 4 events. This was closely followed by a community center, 569 which was the location of the ongoing Light Swap and two other events seeing 35 participating 570 households. 571
Some findings of the spatial analysis of the program were: 572  97.80% of participating households were able to be geolocated. 573  92.65% of geolocated homes (164 homes) were found to be within a one-mile radius of 574 an event location. 575  Of the geolocated households, 3.95% (7 homes) fell outside the target ZIP Codes due to 576 accidental participation. 577 
Emissions and energy reduction
Electricity and Emissions Savings Resulting from the Pilot Project
579
The UCE pilot exchanged a total of 1,432 inefficient light bulbs (with an average wattage of 48.6 580 watts) for 9-watt LED light bulbs. Given an assumption that each light bulb would be on for 8 581 hours per day, these exchanged bulbs accounted for 165,623 kWh of electricity savings, which 582 is equivalent to the annual electricity consumption of 19.1 average Utah homes (Clay Monroe, 583 2019). These values are derived from monthly consumption for 724 Utah homes resulting in an 584 average annual consumption of 8,688 kWh for 2018. The potential annual emissions reductions 585 that the UCE pilot could achieve are listed in Table 2 . 586 Power charges Utah customers using a tiered rate design, which ranges from $0.08 -$0.14 in 590 the summer (May through September) and $0.08 -$0.11 in the winter (October through April). 591
Because of this range, UCE assumed an average of $0.11 to utilize in this calculation (Rocky 592 Mountain Power, 2014). 593 3.4 Taking Energy Savings to Scale: Estimated Impact 594 Table 3 reflects the outcome of extrapolated increased participation in the ZIP codes of 84104 595 and 84116, reflecting the assumptions in SI.7. Calculations are based on a 2%, 5%, and 7.5% 596 participation rate in the targeted ZIP codes. 597 598 Table 3 . Estimated impact of increased participation in 84104 and 84116 ZIP codes. 599
The outcome of the present value of summed net benefits due to valued avoided carbon and 600 electricity savings is shown in Table 4 . 601 602 1 The value of electricity savings listed for each year corresponds to only the savings associated with the bulbs exchanged in that year. 
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